Abstract -This paper presents the results from two empirical exploratory studies of human-robot interaction in the context of an initial encounter with a robot of mechanistic appearance. The first study was carried out with groups of children, and the second with single adults. The analysis concentrates on the personal space zones and initial distances between robot and humans, the context of the encounters and the human's perception of the robot as a social being. We discuss the results of these observations and analyses, and also compare the child and adult data. The child groups showed a dominant response to prefer the 'social zone' distance, comparable to distances people adopt when talking to other humans. From the single adult studies a small majority preferred the 'personal zone', reserved for talking to friends. However, significant minorities deviate from this pattern. Implications for future work are discussed.
I. INTRODUCTION
The field of research into social and personal spaces with regard to robots, designed for use in the home, is a particular area of research within the wider field of Human -Robot Interaction (HRI). Although speech is an incidental part of these interactions, the main emphasis of this research is on the physical, spatial, visual and audible non-verbal social aspects of robots interacting socially with humans. An excellent overview of socially interactive robots (robots designed to interact with humans in a social way) is provided in Fong et al. [1] . As the study of socially interactive robots is relatively new, experimenters in the field often use existing research into human-human social interactions as a starting point. Hall [2] provided the original basis for research into social and personal spaces between humans, and later work in psychology has demonstrated that social spaces substantially reflect and influence social relationships and attitudes of people. Embodied non-verbal interactions, such as approach, touch, and avoidance behaviors, are fundamental to regulating human-human social interactions [3] , and this has provided a guide for more recent research into human reactions to robots [4] [5] [6] [7] . While the methods used to study human-human interaction may be relevant to this type of study, and the aim of many robot designers is to create robots that will interact socially with humans, it is probable that humans will not react socially to robots in exactly the same way that they react to other humans [8] [9] [10] [11] [12] . Previous work has generally assumed that robots are perceived as social beings and that humans will respond to a robot in a similar way, for example, as to a pet, another human, or even as to a child or infant. Evidence exists that humans do respond to certain social characteristics, features or behaviors exhibited by robots [13] [14] [15] .
The research hypothesis advanced for empirically testing human-robot social space zones was that human-robot interpersonal distances would be comparable to those found for human-human interpersonal distances [2, 3] . The generally recognized personal space zones between humans are well known and are summarized (for northern Europeans) in Table  1 [16] , which summarizes Hall's original distances. We expect that in scenarios designed for direct human-robot interaction, people would assume distances that correspond to the Social or Personal zones (similar to the distances people use when having face-to-face conversations), thus treating the robot as a social being.
II. THE STUDIES
Two exploratory studies were carried out using commercially available, human-scaled, PeopleBot TM robots. The first study took advantage of a larger software evaluation event, run by the FP5 European Project VICTEC [17] , by providing 30-minute sessions for 24 groups of 10 children involving interactive games with a PeopleBot TM robot. The second study involved single human subjects interacting with the PeopleBot TM robot in simulated living room scenarios. Prior to both studies, initial social space and comfort distance observations and measurements were carried out providing the main focus of this paper.
III. THE CHILD STUDY

A. Experimental Setup and Procedure
The robots used were commercially available PeopleBot robots fitted with a lifting arm, a pink hand, and a small basket which was used to hold small presents (Fig. 1) . The arm could be raised or lowered under program control. The experiment was performed in an enclosed area of 6m x 6m which was marked out from the centre with a series of concentric circles at 0.5m radii intervals.
Fig. 1: The PeopleBot
TM robot fitted with arm and hand. This robot was used in the children's study.
The robot was positioned initially at the center of the circles, so an observer was able to use these to estimate the initial distance and relative orientation of members of each group; either directly or from the video recording of the session. The robots were controlled in a semi-autonomous manner, with the Wizard of Oz (WoZ) [18] operators hidden in an adjoining third room along with necessary equipment. The sessions were coordinated by an experimenter and followed the same overall format outlined here:
1) The children entered the room and each child was given a numbered sticker that was attached to their clothing so that the children could be tracked through the experiment.
2) An initial opinion questionnaire was administered before the children saw the robot and also asked for their genders and tracking numbers.
3) The robot was then uncovered and the experimenter let the children move around the robot without giving them any indication of where they should position themselves. Once settled, usually after a period of approximately 1 minute, each child's relative position and orientation towards the robot was recorded on paper record charts (cf. Fig. 2 ). The initial distances were estimated to the nearest 0.5m circle marking on the floor, giving an accuracy of ±0.25m. Also recorded was whether a teacher was present at the session, along with any other relevant observations. 4) Two interactive games were then played before a final questionnaire was administered. (These latter parts of the session were separate experiments and are not here).
The position and orientation measurements were later checked and verified against the video record after the session. This initial position information was recorded before the children had participated in the games (so before any interaction took place) and before the children had actually seen the robot move. The robot was stationary, though powered up and activated. Therefore, noises from the sonar range sensors and motors were audible throughout the game area. The PeopleBot TM robot was mechanistic in appearance, so the only visual cues that indicated the front of the robot were:
1) The direction which the robot moved, either forwards or reverse, gave an indication of possible front and rear ends of the robot. This was not apparent until the robot moved, which did not occur at this stage of the test. Therefore, it would not be a factor to consider in this part of the study.
2) The Camera was mounted on top and to the front edge of the robot and pointed forward when the robot was activated but was stationary.
3) The PeopleBots used in the experiment were fitted with a simple arm, on the right hand side. It was in its lowered position at this stage of the experiment. On the left hand side, the robots were fitted with a basket (empty at this stage) to hold presents which would be given during the course of the later game experiment.
B. Results from the Child study
From the total sample of 196 children, only 131 (71 boys and 60 girls) have been included in the analysis. This was either because some of the children had been told explicitly where to stand initially by a teacher or adult, or were not given an opportunity to take up their initial positions. The initial distance results are summarized below and in Fig. 3 .
Initial Distances; All -Mean = 1.73m, Median = 1.75m, St. Dev. = 0.73m
Girls Initial Distances -Mean = 1.74m, Median = 1.75m, St. Dev. = 0.61m
Boys Initial Distances -Mean = 1.72m, Median = 1.25m, St. Dev. = 0.73m
The children initially tended to place themselves at an overall mean distance of 1.75m (St Dev = 0.73) which is consistent with the social distance which would be used by humans to communicate with non-friends, and ranges from 1.2m to 3.6m (social zone, cf. Table 1 ). The implication is that most of the children might have related to the robot as a social entity, even though the PeopleBots used for the study only had one arm (which was the only explicit anthropomorphic feature). The robot's onboard video camera may also have acted as a focus of the children's attention, the children may have been eager to interact due to the play context or because of the detailed preparation necessary for the event to take place (a school excursion), they may have been primed to expect an interaction with the robot to take place.
The initial orientation of each child was estimated by which quarter each child was initially positioned in relative to the robot, and recorded as front, right, left or back. The results are summarized in Table 2 . The initial distance and orientation results presented here suggest that there is a strong tendency for a majority of just over half of the children (53%) to position themselves to the front of the robot initially. There was also an indication that proportionally more boys than girls (59% to 47%) positioned themselves at the front of the robot. However, although the mean distance of the boys from the robot (1.72m, St Dev = 0.73) is similar to the girls mean distance (1.74m, St Dev = 0.61), it can be seem from the standard deviation values and from the chart (Fig. 3) that the boys actually tended to place themselves initially either relatively closer to, or further away from, the robot than the girls who tended to exhibit a more compact normal distance frequency distribution.
From the number of children who positioned themselves at the front of the robot (53%), one might infer that the camera or the pointer (or both together) are powerful attractors of the children's initial attention, even though the camera, arm and robot were stationary. There may also be a weaker indication that the stationary arm pointer possibly had some effect in causing some children to prefer positions on the robot's right side (21%) as opposed to left side (12%) or behind the robot (12%). However, the entrance to the game area was to the right of the robot so this may possibly have affected this observed right-left preference. Further experiments should control for this and also for the initial orientation of the robot. 
IV. THE ADULT STUDY
A. Experimental Setup and Procedure
This study was an exploratory investigation and involved twenty-eight single subject sessions with individual adults interacting with a single robot in simulated living room scenarios. These experiments applied a human-centered perspective; which is concerned with how people react to and interpret a robot's appearance and/or behavior, regardless of the cognitive processes that might happen inside the robot (robot-centered perspective). A large conference room was converted and furnished to provide as homely a environment as possible. Adjacent was an enclosed section where the WoZ robot operators and equipment were housed.
The subject sample set consisted of 28 adult volunteers [male: N: 14 (50%) and female: N: 14 (50%)] recruited from the University. A small proportion (7%) was under 25 years of age, but no one younger than 18 took part. Approximately 43% were 26-35 years old, 29% 36-45 years old, 11% 46-55 years old and 11% were over 56 years of age. 39% of the participants were students, 43% academic or faculty staff (e.g. lecturers, professors) and 18% were researchers in an academic institution. Approximately 50% came from a robotics or technology-related department (e.g. computer science, electronics and engineering), and 50% came from a non-technology related department, such as psychology, law or business. All subjects completed consent forms and were not paid for participation, but at the end of the trial they were given a book as a present. The initial distance measurements were performed before a separate experimental session involving human-robot interactions in task based scenarios. Scale marks were made at 0.5m intervals along the diagonal of the room (Figs. 4 and  5 ) and the human-robot comfort and approach distances were estimated from the video records, rather than making intrusive measurements or notes during the sessions. The robot's arm was adapted so that it could pick up and carry small palettes which contained items to be brought to the human subject later on in the task scenarios (Fig. 6 ) (Note; The hand was not as anthropomorphic in appearance as that used for the child study). Each experiment session followed the same format:
Wardrobe Storage
1) Entry to room and introduction of robot 2) Co-habituation and initial questionnaires. While the subject was completing the questionnaires, the robot wandered randomly around the test area. Unlike the first study the subject was allowed to acclimatize to the robot for five to ten minutes prior to the distance tests.
3) Comfort and social distance tests. 4) Various other HRI task scenarios and questionnaires. (These latter parts were carried out for separate HRI investigations and are therefore not considered in this paper). The experiments were supervised by an experimenter who introduced and explained the tests to be carried out to the subject. Otherwise, she interfered as little as possible with the actual experiment. For measuring the human subject's comfortable distance when approaching the robot, the robot was driven to point 5 (next to the corner table) and turned to face along the distance scale towards point 4 (Fig. 4) . The subject was told to start at point 4 and to move towards the robot until he or she felt that they were at a comfortable distance away from the robot. Next, they were told to move as close to the robot as they physically could, then to move away again to a comfortable distance. They were then told to repeat these steps once again as a consistency check. The comfortable approach, closest physical and comfortable withdrawal distances were measured for each of the two tests to the nearest 0.25m (accuracy ±0.125m) by later close observation of the video records.The next part of the comfort distance tests was to measure the subject's comfort distance with the robot moving from point 5 towards the subject. The subject was told to stand at point 4, and the robot moved directly towards him or her. The subject was told to say, "Stop", when the robot was as close as the subject desired. The distance of the robot when the subject said, "stop" was estimated later, and recorded, from close observation of the video records. Fig 6: Detail showing the robot's arm and hand used in the study with adult subjects.
B. Results from the Adult Study
The means of the four robot comfortable approach distance results obtained was calculated for each subject and the frequency histogram was plotted, with the ranges set at 0.25m intervals. The results are presented in the chart in fig. 7 . Approximately 40% of subjects approached the robot to a distance of 0.5m or less. When the robot approached a human, the anti-collision safety system prevented it moving closer than 0.5m. Due to safety concerns this system must be kept operational.
Human-Robot Comfortable Distances for
Subjects Approaching the Robot. It can be seen that approximately 40% of the subjects also allowed the robot to approach right up to this 0.5m limit. That they did not stop the robot from physically approaching so closely to them indicates that the robot did not make them feel threatened or uncomfortable. When asked later if they felt uncomfortable while standing in front of the robot most subjects (82%) indicated that they were not uncomfortable. Also, as less than 20% indicated that they wanted a robot for a friend or companion, these close approach distances did not express the subjects' wish to be intimate with the robot. That many of the subjects approached the robot closely, and tolerated a relatively close approach implies that they might not see the robot as a social entity in the same way that they would perceive another human. If another, unfamiliar human (a stranger) was to approach to the same close distances; most humans would feel distinctly uncomfortable and threatened. Interestingly, there were a small number of subjects (approximately 10%) who were uncomfortable in letting the robot approach closer than the far end of the social zone (>1.2m and <3.6m), which is usually reserved for conversations between humans who are strangers to each other.
Comfortable Stopping Distances for Robot
Approaching the Subjects 
V. COMPARISON AND DISCUSSION OF RESULTS FROM BOTH STUDIES
While the experimental setups of both studies were very different, comparisons between the comfort zones measured in both studies can highlight results which generalize across the two different experimental setups. In both studies, for the children and adult subjects, a majority took up an initial position relative to the robot which was consistent with treating the robot as a social being with respect to accepted human-human social space zones. In both studies, the floor was marked with scale marks in order to aid the distance measurements and this may have influenced the distance results obtained. A major difference between the two social distance studies was that the children were interacting with the robot in groups, whereas the adults were interacting individually with the robot. It is very likely that the children took cues from, and were interacting with each other as well as the robot; cf. a discussion of social facilitation effects in Woods et al. [19] . Almost all the children generally took up a mean distance which would, amongst humans, be reserved for talking or interacting with strangers or other non-friends. However, most adults took up a distance which in a humanhuman context would be used for talking with friends. Generally, these results support our initial research hypothesis, namely that distances used in direct human-human social interaction can apply to robots. In both cases, this could however simply be a convenient distance for viewing the robot, so more tests are required to confirm the reasons for these observations. A small proportion of each group took up an initial distance as far from the robot as the limited space allowed.
Interestingly, amongst the adults, there was a sizable minority (approximately 40%) who took up an initial position relative to the robot which was so close that it would be classified as that reserved for intimate lovers or friends. This probably means that those subjects did not see or treat the robot as a social being. Pamela Hinds and colleagues [20] have studied the effect of robot appearance on humans carrying out a joint task with a robot. They found that humans treat mechanistic looking robots in a subservient way (i.e. less socially interactive) compared to more humanoid looking robots. Also expectations are lower as regards abilities and reliability for mechanistic looking robots.
The PeopleBot TM robots used in the studies were fitted with a moving articulated arm. However, they are still very mechanistic in their appearance, so it is probable that many subjects in the adult experiment simply did not recognize the robot as anything more socially interesting than any other household object or machine (such as a refrigerator or television). Amongst the children, only a very few went so close to the robot initially. Results indicate that they possibly saw the robot as a social entity. This may reflect their different expectations, lesser discrimination and self-consciousness in interacting with the robot in a play context. For both child and adult studies the social distance experiments were performed before any other interactions had taken place. With more opportunity for habituation, the perception of the subjects may have changed over the course of the experiments. It would be useful to perform distance experiments both before and after exposure to robot scenarios to see how subjects' perceptions change with both short and longer term exposure to robots. There is a need, therefore, to perform long-term studies (over periods of longer than one hour) and repeated exposure of the subjects to the robot over longer periods of time.
The adult study did not consider the initial orientation of the subjects to the robot, due to lack of space in the experimental room, but the children's study did gain results that indicated that the only two possible anthropomorphic features which distinguished the front and back of the robot, the hand/arm and the camera, did probably exert an effect on where the children chose to orientate themselves when initially encountering the robot. There are also some indications that the arm and hand may also exert a right hand bias to the children's initial orientations, though this needs further study to confirm as the entry to the game arena was also to the right of where the robot was positioned initially.
VI. CONCLUSIONS
We cannot claim that the results gained as part of these two studies, using PeopleBots, can be generalized to any other type of robot or to any other context/scenario. The PeopleBots are mechanistic in appearance. These results could only possibly be extrapolated to include similar other robots.
Interestingly, substantial individual differences have been found in how people behaved towards the PeopleBot robot, although most of the human subjects participating in the studies seemed to be receptive to treating the robot as a (limited) social entity after only a short period. It seems that children in particular are more overall more accepting and approving of robots than the adult subjects studied. The social distance results so far have indicated that a substantial minority of adults (40% in our adult sample) do not seem to perceive the PeopleBot TM robot as a social being at first encounter. There was a small but significant proportion of both children and adults, in the two studies documented here, who seem to be uncomfortable in the presence of the PeopleBot TM robot. There is a need for long term trials with a variety of types of robots in order to determine which social features are most effective at making human robot interaction robot more efficient and useful to humans. The CERO robot assistant study [21] , the Robovie peer tutor robot trials with children [22] , and trials involving children with autism interacting with a humanoid robot [23] are examples of the few published works which describe studies involving long term periods of humans interacting with robots. Different robot social models, perhaps with very different initial personalities, may be more acceptable to different users (e.g. a discreet servant or even a silent servant, with no obvious initiative or autonomy). Our results suggest that it probably cannot be assumed that people automatically treat robots socially, apart from simple elements of anthropomorphism cf. Reeves and Nass [24] . A user friendly robot should automatically refine and adapt its social model (personality) over a longer period of time, depending on information about and feedback from users and the robots own autonomous learning system. For example, adjustments of social distances according to a user's personality traits (as proposed in [25] ) is a promising direction towards a true robot companion that needs to be individualized, personalized and adapt itself to the user [26] .
